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Spray by Number for Fungicide Resistance
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SLB Onion Fungicides FRAC 7 Sub Classes
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Fungicide Active Ingredients

Trade Name

Velum Prime

Active Ingredient

FRAC Code

Fluopyram
pyrimethanil

Fluopyram
tebuconazole

Fluopyram

fluxapyroxad
pyraclostrobin

pydiflumetofen
fludioxonil

isofetamid

NOT labeled on onion.

NOT labeled on onion in New York.

6% E

NOT labeled on onion for foliar use.

Trade Name Active Ingredient | FRAC Code
Quadris Top difenaconazole 3b
azoxystrobin 11
propiconazole 3a
pyrimethanil 9a
iprodione 2
m boscolid 7(3)
Pristine boscolid 7(3)
pyraclostrobin 11
Aprovia Top benzovindiflupyr 7(2)c
difenaconazole 3b
Fontelis penthiopyrad
Sercadis fluxapyroxad




2020 Elba Early Fungicide Trial (c.v. Hamilton)
Jul 10 — Spray A (7-leaf, early bulb swell




2020 Elba Early Fungicide Trial (c.v. Hamilton)
Jul 18 — Spray B (8-10 leaf, 0.5-1" bulb)




2020 Elba Product Trial (c.v Hamilton) =
15t Spray Jul 24 (8-10 leaf, 1-1.5” bulb, tipburn start)




2020 Elba Early Fungicide Trial (c.v. Hamilton) {5
Aug 1 —Spray D (8-10 leaf, 1.5-2” bulb, 2-4” tip burn) =
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2020 Elba Early Fungicide Trial (c.v. Hamilton)
Aug 15 — Spray F (7-8 leaf, 2” bulb, 30-40% lea
dieback; 25% lodging)




Aug 25 — 3 DAT G (5-8 leaf; 1.5-2+" bulb; 25-50% leaf
dieback; 30% lodging)
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2020 Elba Fungicide Product Trial

% Green Foliage Sep 3 6 DAT F (6 sprays)

SLB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Green Folaige (%,/Plot) - Sep 3 & DAT F (6 sprays)

znd BEST BEST!
FRAC 3b + 3a: o : - : _B' N ::N Same a5 Worst treatment J
. . = = —_ 0
Quadris Top 14 fl oz + Tilt 8 fl oz : ': : S ; : = p = 0.0008, Fisher’s Protected L5D {a=0.05).
N ' n=4
=0 s:.u | la I Y > —
FRAC 7 | | S =2
(] Q 5=
Luna Tranquility 16 fl oz 7(1) + 9a 5° : 2 : ] g: =1
71
b x (. C
Luna Tranquility 20 fl oz 7(1) + 9a Vs [M] 2 231 u Ele
o ! :1(5 ahcs bc I g ol B‘
; ] sl = =
+ 29 S5 3 Y
Luna Experience 10 floz 7(1) + 3 . X B : ) 3 3, § @ -
_ I j262 IEL_E 12 g : 7(1) ?Ll:ll?[i] = %
* Middle-of-the-pack/ [ [ 2008 ih ogn aale © 0
. g : ol i . o =
 Significantly better than 20 : : 133 178 ”-5:,‘1% o f‘: z 7Is)| A =
Nothing | | | 25 2 b 5 ;J i 21 705) D
* No difference between rates  *° I I I == &L
* Significantly less green foliage : : : I l %
than QT + Tilt 0 — ——— — ‘

Hoepting et. al. 2020



2020 Elba Fungicide Product Trial
% Green Foliage Sep 3 6 DAT F (6 sprays)

4 \ s ~ ) j// a == ¢ @ TN\L\ L ~_4t 2 ) d (K ‘
Quadris Top 14 fl oz Luna Tranquility Luna Tranquility Luna Experience Untreated
+ Tilt 8 fl oz 16 fl oz 20 fl oz 10 fl oz

3b + 3a 7(1) + 9b 7(1) + 9b 7(1) + 3



2020 Elba Fungicide Product Trial
% Green Foliage Sep 3 6 DAT F (6 sprays)

| Waro e b4 13 il ® 17 B A 2% (e .
Scala 18 fl oz Luna Tranquility Luna Tranquility Luna Experience Untreated
9a 16 fl oz 20 fl oz 10 fl oz

7(1) + 9b 7(1) + 9b 7(1) +3
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2020 Elba Fungicide Product Trial

% Green Foliage Sep 3 6 DAT F (6 sprays)

SLB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Green Folaige (%,/Plot) - Sep 3 & DAT F (6 sprays)

BEST!
FRAC 7(4) | | S N I 53Me 35 Worst treatment J
. . . 70 + — O I'N
Miravis Prime 11.4 fl oz 7(4) + 12 : = : = = : o
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N © n=4
]
S S B | @ g z12
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N n_ 9 b=
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Nothing 1D || o 1y & S E1s
. .o . b 22 [y —
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. ] - 325 0 2g S ]
* Not significantly different - [ i A el P Rl =
722 | d g o
than Luna products ' | — |55 #h dn ail . o
20 I I 183 172 ”'E'IJE_J.:. d+ o 1:_[ 2 7(s) =
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Hoepting et. al. 2020
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2020 Elba Fungicide Product Trial

% Green Foliage Sep 3 6 DAT F (6 sprays)

SLB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Green Folaige (%,/Plot) - Sep 3 & DAT F (6 sprays)

BEST!
FRAC 7(5) [ [ N same as Worst treatment J
. 70 | 4+ I © o I'N
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Hoepting et. al. 2020



2020 Elba Fungicide Product Trial
% Green Foliage Sep 3 6 DAT F (6 sprays)

34.5% 20% 11.3%

2N o~ - f e : Ny ,\‘:—-" 748 NN
Quadris Top 14 fl oz Miravis Prime Kenja
+ Tilt 8 fl oz 11.4fl oz 20 fl oz
3b +3a 7(4) + 12 7(5)

BIY & v A




% Graan foliages (phat]

2019 SLB Fungicide Trial, Elba

FRAC 2

Rovral
(healthy foliage, but lots of SLB)

Plant Health - % Green Foliage (Sep 15)

Fungicide Evaluation, Elba (Torrey Blue Barn), 2019: 7 Sprays

% Green Foliage/Plot, Sep 15

Same as best ) Same as
- treatment ! : Untreated
1!1 131 ! Luna 1 '8
e | ope I +
el Ay Tranquility . 5
1 - p 3 |
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B0 i \
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Awerags Mo, SLB Target Spot Lesions per 8 Plants

FRAC 7(1)

Luna Tranquility 16 fl oz
(healthy foliage lipping, few SLB spots )

Total No. SLB Target Spot Lesions/8 plants

Fungicide Evaluation, Elba (Torrey Blue Barn), 2019: 7 Sprays
No. SLB Target Spot Lesions per 8 Plants/Plot, Sep 10-11

00
Same as Best Treatment : L Tt =
| 7i4]
Luna I
il U 1o
Tranquility = 72)

control 714

?[le uls 11 141

16 fl oz R 3 = e g0 4

. 72 @ g -2 1gp 1k
57% . J!jl] u o, [!' bt !’&_Zl 163 | 110 )

control :f of cof 153

idp 4.3

L
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Hoepting et. al. 2019

Fisher's Protected L5D {m=0.05)
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2020 Elba Fungicide Product Trial

% Green Foliage Sep 3 6 DAT F (6 sprays)

SLB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Green Folaige (%,/Plot) - Sep 3 & DAT F (6 sprays)

BEST!
FRAC 7(1) +9a | | N 53Me a5 Worst treatment J
Luna Tranquility 16 fl oz 70 I~ I =
: ': : : © P =0.0008 Fisher’s Protected LSD [a=0.05).
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Hoepting et. al. 2020



2020 Elba Fungicide Product Trial
% Green Foliage Sep 3 6 DAT F (6 sprays)

. - E AN e Vi : % W
Quadris Top 14 fl oz Luna Tranquility Luna Tranquility Rovral 1.5 pt
+ Tilt 8 fl oz 16 fl oz 16 fl oz 2
3b +3a + Rovral 1 pt 7(1) + 9b
7(1)+9b + 2

Untreated

Same results in Early fungicide trial, Elba 2020



2020 Elba Fungicide Early Trial
% Green Foliage Sep 2 5 DAT H (8 sprays)

SLB Fungicide Trial, Elba, NY¥, 2020 (c.v. Hamilton):

same as best % Green Foliage/plot - Sep 2, 5 DATH
treatment
S0.0 PR I
—— Same as untreated
— 1 N L
45.0 [33 + o I
71 = =
4000 - S} : et I
FRAC 7(1) + 9a i : = :
ope 35.0
Luna Tranquility 16 fl oz 35.0 a = I
o}
a [l (o3 I
30.0 | g |
FRAC 7(1) + 9a + 2 iy ; = :
25, ©
Rovral 1 pt + I = I
ope 71
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I 7(1) I+ °
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_8h | N p 123 be B | ped 15 (1) | *E N2l 7z) §
either alone . 100 I 9.5 93 2n be e | S 1 " ?1|ib =
* Asgoodas QT +Tilt I 52 sg boef def def -
¥ 0.3
o . Y l Em
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Hoepting et. al. 2020



2020 Elba Fungicide Early Trial
% Green Foliage Aug 25 - 3 DAT G (7 sprays)

{

Quadris Top 14 fl oz Luna Tranquility Untreated
+ Tile 8 fl oz 16 fl oz 16 fl oz (thrips controlled) (no insecticides)
3b +3a + Rovral 1 pt 7(1) + 9b

7(1)+9b + 2

7

Untreated



2020 Elba Fungicide Early Trial

2020
50%

2020

60 50%

[y]
=

£
=

o 20 40 &0 EBOD 100 0
Relative Growth (%)
Relative Growth (%)

Merivon 5.5 & 9 fl oz Luna Tranquility 1~ & 16 fl oz
7(2) + 11 7(1)+9
Velum Prime - 7(1)

sensitive _Eﬁﬂﬂ»

&0 a0 100

SLB isolates more resistant
to Merivon than Luna
Tranquility

No difference between
rates for either

SLB isolates are more
sensitive to FRAC 7(1) alone
than 7(1) + 9a.




2020 Elba Fungicide Early Trial
% Green Foliage Sep 2 5 DAT H (8 sprays)

FRAC7(1) +9a
Luna Tranquility

* No rate relationship
* Significantly less green
foliage than QT + Tilt

FRAC 7(1) Luna

FRAC7(2)+11
Merivon

* No rate relationship
* No different than
untreated

Results suggest that increasing rate of Luna Tranquility and Merivon do not help

50.0

45.0

40.0

35.0

3000

15.0

100

5.0

0

same as best
treatment

SLB Fungicide Trial, Elba, NY¥, 2020 (c.v. Hamilton):

% Green Foliage/plot - Sep 2, 5 DATH

-‘—.-—-.

2
(1)
a
a

35.0

=

ﬂ ] =
Luna Tranquility 24 fl oz

=]
—_—

[
L)

ll

Same as untreated

3 N "
— o N I
S —
= o
~ — I
< = py [
o
= > N I
= = =
o = = 1
c =3 S
© S g 8§
— = S 1
®© — ° =
© — o |
(| .
3 S © ' Merivon
(1) — 3 2%
71 -
7(1) — 3! % 55 11 9 @
be 7(1) o ©
bed M5 1) |l e 7(2) 72) - v
g8 b-e b-a e I D 11 11 1|1b 2
&2 . sg |l of def  def of )
iy 0.8
‘ \ AL B N
Hoepting et.

al. 2020



2020 Elba Fungicide Early Trial
No. SLB Target Spots/Plant Aug 6 - 5 DAT D (4 sprays)

SLB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
No. SLB target spots [tan + purple) / plant (n=3) - Aug 6, 5 DATD

FRAC7(1) +9a
Luna Tranquility

* No rate relationship no different than untreated
between 16, 20 & 24 + Merivon
floz&Lunal6floz 25 Luna Tranquility N " ( PN s
alone. = 5 11 ab

* No different than QT 16 20 24 o — 2 — '@ abc | .

+ Tilt “ 2 o T

* 12 fl oz afew more 71 | 3 11 bed bed  |bed ad ad

target spots Ls 7(1) 7i1) cd P s 15 18 16

FRAC 7(2) + 11

d
d d 12
11 11
Merivon 1
* No rate relationship
* No different than 05
untreated
o N\

Luna T 12 fl oz
Untreated

.
—————— gy

—
N

Hoepting et. al. 2020



2020 Elba Fungicide Product Trial

No. SLB Target Spots/Plant Aug 25 - 5 DAT E (5 sprays)

FRAC 7(1) + 9a

Luna Tranquility

* No rate relationship
between 16 & 20.

* No different than
untreated.

+ 3¢) had fewer
target spots

Luna Experience (7(1)

3.0

1.0

0.0

5LB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Total no. tan and purple 5LB target lesions/plant (lesions on IY5V excluded) - Aug 26,5 DAT E

LB Pl

pal

10

7(1)

11

5]

13

Kenja 20 oz

QT + Tilt

11

11| 9 | 2

Lo

Luna Tranquility

16

20

71} 11
22

Untreated

b
-

17| a7 17

RN

(1)

1.7

1

g
s

1.3
1.7

Kenja 13.5 fl oz

i)

z.4

Toepting et. al. 2020



2020 Elba Fungicide Product Trial
No. SLB Target Spots/Plant Aug 25 - 5 DAT E (5 sprays)

5LB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Total no. tan and purple 5LB target lesions/plant (lesions on IY5V excluded) - Aug 26,5 DAT E

3.0
- LunaT
Luna Tranquility 16 fl oz 29
7(1) + 9a = - * Rov
[ Q 24
+ © 2 29
2.0 7(4) 2 ufs |22 5 76) 18 °
18
Luna Tranquility 16 fl oz Bl o 12 ] P | P T ;j 17 17
75 . 15 15 15 15 ] -
7(1) +9a ) 7(1) o | s L5 é
+ Rovral 1 pt 2 g 21 13 |- %
10 10 11 ,// r
10 | 2 K
N
1 i |
farmy [
Not different than untreated B 5 % o
= — % 2
g 2 Z
E Z
0o I | Z

Hoepting et. al. 2020



2020 Elba Fungicide Product Trial

No. SLB Target Spots/Plant Aug 25 - 5 DAT E (5 sprays)

FRAC 7(5):
Kenja

* Low rate no different

than untreated.

* High rate no different

than QT + Tilt.

FRAC7(4) +12:
Miravis Prime

3.0

2.0

1.0

0.0

5LB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):

Total no. tan and purple 5LB target lesions/plant (lesions on IY5V excluded) - Aug 26,5 DAT E

29
)
—_ . . -
|: er.aws 3 135, iy
5 Prime . I g - 0 g 29
“ -
20 7(4) ; 11 8 2 22 S 7(5) 15 20
18
o 3 12 ’ 17 27 a7 a7 17 17117
1 | = . 15| 15 15 15 — ?
: 71 . 13 L3 | 4 . ?
9 ' Z
10 1o 11 L1 ,// .
] Z B E
1.} 8 % Lr:
z = o ]
8 & A -
E o %
3 Z
- | 7

Hoepting et. al. 2020



Relationship Between Fungicide Use and Fungicide

Resistance by Region

Never

2017-2019: Fungicide Programs that use > 3 apps/FRAC 7

Always

A T Heavy

Wayne Co. Oswego Co. Elba
375375
27.8
22.2

30.
25.0 . . epe
Fungicide Sensitivity 217
2018
Hay et. al. 2020

Wayne (n =16)

Oswego (n = 23) Elba (n=18)

No difference
among geographic
regions despite
different FRAC 7
fungicide use.



Relationship Between Fungicide Use and Fungicide
Resistance By Region

Never N Always
2017-2018: Fungicide Programs that use > 3 apps/FRAC 7
A T Heavy

Wayne Co. Oswego Co. Elba _
No difference

among geographic
regions despite
different FRAC 7
fungicide use.

2016 2018 2020 2016 2018 2020 2016 2018 2020

Presence of gene mutations in sdh genes

(% of isolates tested)
Heck et. al. 2020



Is it over?




Relationship Between Fungicide Use and Fungicide
Resistance By Region

Never 2017-2019: Fungicide Programs that use > 3 apps/FRAC 7 Always

F Heavy
A D126E A
But there are

H134M
Wayne Co. B P230 Oswego Co. Elba differences in which

- W Q12K - sdh genes mutated
W s120P - among geographic
B D126N .

regions.

H134R * No sdhB (blue)
C135R gene mutations in
W Mo Wayne.
* No sdhD (green)
Presence of gene mutations in sdh genes gene mutations in
(% of isolates tested) Oswego.

Heck et. al. 2020
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2020 Oswego Early Fungicide Trial

% Green Foliage Sep 8 19 DAT J (10 sprays)

BLB/SLB Fungicide Trial, Oswego, NY, 2020 (c. v. Red Mountain):
% Green Foliage/Plot - 8 Sep, 19 DAT J (10 sprays)

BEST 700 reame as Best Treatment: :
‘ : 5 Worst Treatment
FRAC 3b + 3a: | | < dime as ors reatmen X
Quadris Top 14 fl oz 60.0 : :
. 11
+ Tilt 8 fl oz A g 7(4) : I
|
0.0l 488175 132 b
I
FRAC 7(1) 3.3 '
Luna Tranquility 16 fl oz 40.0
7(1) +9a PO6 pOG 2
30.0 cde cde oo ode ras 2 de 2 MO0 2
: Cde cde cde cde cde cde
G d ©
p 5.0 24.5 24.5 24.3 3.8 23.8 23.8 23.5 359 29 MO03 o3 . 5
FRAC 7(4) H — — de de de ge ru:lua .=
Miravis Prime 11.4floz 2001 18:318017517.0 1% e 2
g — .
A ~ 135 e
7(4) +12 g 11.3
10.0 |'{ ”
1 ?
As good as Qt + Tilt : = //’
0.0 Z

N

Hoepting et. al. 2020



2020 Oswego Early Fungicide Trial
SLB Spores & Spots Sep 8 19 DAT J (10 sprays)

SLB Severity (Tip Colonization) No. Target Spots/plant
sg0 | SameasBest | :Sa;?:aﬂtt‘:“\-‘:;f = 40.0 : :
Treatment | IT o |'s | I Same as Worst Treatment Mo3
| ' mos ' ameas) a
1 ) POG .\,05: 5 ab 325 Best 1 | M05 314
MO5 pe Vabe 3. - reatment — P0G ab
- 7(2) 711 B o rc]d:; tfll:loe3 E:iues cje ng "233 ';35 33 h:ff SCE‘B 3|'JED:3'21 Sil ? oo t;: i 714) | ; 9 l-;EIIJS 2ag 8t
o 9 12 Eg_h 3'1;%, ;’fé 325 3.6 3.26 3.27 3.31 3.33 340 340 e ] f ol S T  wos Mo3| 12 b ab 3 b 5% oo
o L ;38"9 25 0 M ] | é + 19 MO5 mo3 2 Mo3 agh "b ab ab| b [225 234 2/3'? 238
300 | j |p7s 2842850 : f = ab ab ab ab ab 3b 55 209 210 213|214 ///
251 i é (@} 183 18.9 189 189 181 196 mEE é
I 7z = [ m Z
2.00 : é %
1 -& -J
= Bk g
10|_ I & ' %
oy Y I
= 7 2
o li=7 =/
0.00 “ — —
BEST FRAC 7(1) FRAC 7(4)
FRAC 3b + 3a: Luna Tranquility 16 fl oz Miravis Prime 11.4 fl oz
Quadris Top 14 fl oz + Tilt 8 fl oz 7(1) + 9a 7(4) +12

Appears that FRAC 7 subclasses 1 and 4 are still working on this farm in Oswego.
* May be regional differences. Hoepting et. al. 2020



2020 Oswego Early Fungicide Trial
% Green Foliage Sep 8 19 DAT J (10 sprays)

28.8% 5.3%

Luna Tranquility Luna Tranquility Untreated
+ Tilt 8 fl oz 11.4fl oz 16 fl oz 16 fl oz
3b +3a 7(4) + 12 7(1) + 9b 7(1) + 9b
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2020 Elba Fungicide Product Trial

% Green Foliage Sep 3 6 DAT F (6 sprays)

5LB Fungicide Trial, Elba, NY, 2020 (c.v. Hamilton):
Green Folaige (%/Plot) - S5ep 3 6 DAT F (6 sprays)

| I same as worst treatment A
| I i
| | p = 0.0005, Fisher's Protected LSD (a=0.05).
| I n=4
I I
1 1
. I I
i7(1) 1 1
g 11 |
be 22 1
) h -
- 3:Fs Il 29 ] z .-u
Ml 2 5 7ME) 1 s =
pes e b ow2 2 7M1 “”lm] = n
I onE dg d—h | E n
| ma 0 ]d: & J{’?-;Id-] di ES_ 1, g E‘
I I 52 & ]f;in Hofj o =)
= 115 11.3 A - 21 75
| ' ooy
I | I I 58 55 53
Y A Y - - . ! I %
e : : = 0 I | 7
uadris Top 14 fl oz — .
3a+3 Q > 10P Hoepting et. al. 2020
+ Tile 8 fl oz
3b + 3a

3a + 3c had significantly more green foliage than Quadris Top + Tilt



No Fungicide Recommendations Today — Next Steps

More results to come: Wish list:

* Follow up gene mutation results * Evaluate rate of SLB to develop
with fungicide sensitivity testing to fungicide resistance (SLB isolates
identify what the gene mutations collected from Elba trial)
mean * Weekly application SLB fungicide

* Insensitive vs, moderately sensitive e Co-application of SLB fungicides
* Cross-resistance among FRAC 7 sub- * Rotate SLB fungicide with biological
classes or protectant fungicide

* FRAC 3 fungicide sensitivity testing * Bi-weekly applications of SLB

fungicide

* BLB fungicide trial results * FRAC 2 & 9 fungicide testing?

* FRAC 7 results by farm unlikely

Will be in touch with 2020 FINAL results and new fungicide recommendations

— Stay tuned!






Poll Question

In your opinion, what is the most effective strategy for managing
fungicide resistance? (one answer)

Rotate FRAC groups

Co-apply FRAC groups

Reduce total number of apps per FRAC per crop
Use highest label rates

All of the above
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